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(54) Technique for reducing the number of layers in a multilayer circuit board 



(57) A technique for reducing the number of layers 
in a multilayer circuit board is disclosed. The multilayer 
circuit board has a plurality of electrically conductive sig- 
nal layers for routing electrical signals to and from at 
least one electronic component mounted on a surface 
of the multilayer circuit board. In one embodiment, the 
technique is realized by a method for reducing the 
number of layers in a multilayer circuit board, the multi- 
layer circuit board having a plurality of electrically con- 
ductive signal layers for routing electrical signals to and 
from at least one electronic component mounted on a 



surface of the multilayer circuit board. The method com- 
prises the steps of: forming a plurality of electrically con- 
ductive vias in the multilayer circuit board extending 
from the surface of the multilayer circuit board to at least 
one of the plurality of electrically conductive signal lay- 
ers; arranging the surface such that a first set of two 
power/ground pins corresponds to first via and a second 
set of two power/ground pins corresponds to a second 
via positioned adjacent the first via, thereby creating a 
channel; and routing a first plurality of electrical signals 
through the channel on the first of the plurality of elec- 
trically conductive signal layers. 
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Description 

[0001 ] The present invention relates generally to mul- 
tilayer circuit boards and, more particularly, to a tech- 
nique for reducing the number of layers in a multilayer 
circuit board. 

[0002] The making of electrical connections between 
electronic components has long been accomplished us- 
ing printed circuit boards. The first such circuit boards 
had only a single signal layer on a top surface thereof 
for routing electrical signals between electronic compo- 
nents mounted thereon. These single signal layer circuit 
boards have severe limitations with regard to the 
number of electrical signals that can be routed between 
electronic components mounted on the same circuit 
board. That is, the number of electrical signals that can 
be routed between electronic components mounted on 
a single signal layer circuit board is limited by the 
amount of area on the single signal layer. 
[0003] The area limitations associated with single sig- 
nal layer circuit boards led to the development of multi- 
layer printed circuit boards. Such multilayer printed cir- 
cuit boards may be either single or double-sided and 
may have multiple signal layers on the surface of and 
buried within the multilayer printed circuit boards. Thus, 
such multilayer printed circuit boards have allowed a 
large increase in the number of electrical signals that 
may be routed between electronic components mount- 
ed on the same circuit board. 
[0004] The use of multilayer printed circuit boards has 
been particularly beneficial when using electronic com- 
ponents having high density packages. That is, elec- 
tronic components having high density packages gen- 
erally require multiple layers of a multilayer printed cir- 
cuit board to make electrical connections with other 
electronic components mounted on the same circuit 
board. In fact, the density of electronic component pack- 
ages typically dictates the number of layers that must 
be provided by the multilayer printed circuit board upon 
which the electronic component is mounted. While the 
number of layers that may be provided by a multilayer 
printed circuit board is theoretically unlimited, problems 
occur when the number of layers in a multilayer printed 
circuit board exceeds a reasonable number, particularly 
when trying to route high speed electrical signals be- 
tween electronic components. For example, when mak- 
ing electrical connections between different layers in 
multilayer printed circuit boards, electrically conductive 
vias are generally used. While these electrically conduc- 
tive vias allow direct vertical electrical connections to be 
made between different layers within a multilayer print- 
ed circuit board, there are intrinsic parasitics associated 
with these electrically conductive vias that can adverse- 
ly affect the performance of signals propagating there- 
through. That is, these electrically conductive vias have 
intrinsic parasitic resistance, capacitance, and induct- 
ance, which can adversely affect signals propagating 
along each electrically conductive via. In addition, these 



intrinsic parasitics can also have an adverse effect on 
the manufacturability of a printed circuit board and thus 
the cost thereof. Because of their adverse affect on sig- 
nal performance, these intrinsic parasitics can also limit 
s the bandwidth of signals propagating along each elec- 
trically conductive via. These adverse affects only in- 
crease as the number of layers in a multilayer printed 
circuit board increase. 

[0005] US Patent No. 6,388,890 published on May 1 4, 
10 2002 is directed to signal channel routing and also aims 
to reduce the number of layers in a multilayer circuit 
board. However, even with the use of the disclosed sig- 
nal channel routing technique, further improvement is 
desired. 

is [0006] In view of the foregoing, it would be desirable 
to provide a technique for increasing the number of elec- 
trical connections that may be made between electronic 
components mounted on a multilayer printed circuit 
board without increasing the number of layers in the 

20 multilayer printed circuit board. More particularly, it 
would be desirable to provide a technique for reducing 
the number of layers in a multilayer circuit board in an 
efficient and cost effective manner. 
[0007] According to the present invention, a tech- 

25 nique for reducing the number of layers in a multilayer 
circuit board is provided. The multilayer circuit board has 
a plurality of electrically conductive signal layers for 
routing electrical signals to and from at least one elec- 
tronic component mounted on a surface of the multilayer 

30 circuit board. In a preferred embodiment, the technique 
is realized by forming a plurality of electrically conduc- 
tive vias in the multilayer circuit board extending from 
the surface of the multilayer circuit board to at least one 
of the plurality of electrically conductive signal layers. 

3s The technique is further realized by arranging the sur- 
face such that a first set of at least two power/ground 
pins corresponds to a first via and a second set of at 
least two power/ground pins corresponds to a second 
via positioned adjacent the first via, thereby creating a 

40 channel on the surface and a channel on a first of the 
plurality of signal layers, and routing a first plurality of 
electrical signals through the channel on the first of the 
plurality of electrically conductive signal layers. 
[0008] In accordance with other aspects of the 

45 present invention, an improved multilayer circuit board 
is provided. The multilayer circuit board has a plurality 
of electrically conductive signal layers for routing elec- 
trical signals to and from at least one electronic compo- 
nent mounted on a surface of the multilayer circuit 

50 board. The multilayer circuit board comprises a plurality 
of electrically conductive vias in the multilayer circuit 
board extending from the surface of the multilayer circuit 
board to at least one of the plurality of electrically con- 
ductive signal layers. The multilayer circuit board addi- 

55 tionally comprises a first set of at least two power/ground 
pins corresponding to a first via and a second set of at 
least two power/ground pins corresponding to a second 
via positioned adjacent the first via, arranged to create 
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a channel on the surface and a channel on a first of the 
plurality of signal layers,. The multilayer circuit board ad- 
ditionally comprises a first plurality of electrical signal 
paths routed through the channel on the first of the plu- 
rality of electrically conductive signal layers. 
[0009] In accordance with further aspects of the 
present invention, the plurality of electrically conductive 
signal layers are typically separated by at least one di- 
electric layer. Also, at least some of the plurality of elec- 
trically conductive signal layers are typically separated 
by at least one electrically conductive power/ground 
plane layer. Further, the surface of the multilayer circuit 
board is typically primarily an electrically conductive 
power/ground plane layer. 

[0010] Embodiments of the invention will now be de- 
scribed by way of example with reference to the accom- 
panying drawings, in which: 

Figure 1 is a side cross-sectional view of a multilay- 
er printed circuit board in accordance with the 
present invention. 

Figure 2 shows a layout of a surface mount grid ar- 
ray package of an electronic component having 
1152 pins. 

Figure 3 shows one quadrant (i.e., the upper right 
quadrant) of the power/ground and signal pins on 
the top layer of the layout shown in Figure 2. 
Figure 4A shows the quadrant of Figure 3 after via 
placement and pin connection. 
Figure 4B shows a cross -sectional view of a multi- 
layer printed circuit board corresponding to the 
ground (surface) plane layer portion of Figure 4A. 
Figure 5A shows a portion of a first signal layer of 
the multilayer printed circuit board shown in Figure 
1. 

Figure 5B shows a cross-sectional view of a multi- 
layer printed circuit board corresponding to the sig- 
nal layer portion of Figure 6A. 
Figure 6A shows channel routing of a portion of the 
first signal layer of the multilayer printed circuit 
board shown in Figure 1 . 

Figure 6B shows a cross-sectional view of a multi- 
layer printed circuit board corresponding to the sig- 
nal layer portion of Figure 4A. 
Figure 7A shows a portion of a second signal layer 
of the multilayer printed circuit board shown in Fig- 
ure 1. 

Figure 7B shows a cross-sectional view of a multi- 
layer printed circuit board corresponding to the sec- 
ond signal layer portion of Figure 7A. 
Figure 8 shows a hypothetical 3 rd signal layer using 
conventional thru hole design. 
Figure 9 shows all four quadrants of the multilayer 
board in which the upper right hand corner is a 
channelized quadrant. 

Figure 1 0 shows doubling up of power pins in order 
create a free channel on a surface of the multilayer 
printed circuit board shown in Figure 1. 



Figure 1 1 shows a channelized quadrant of the mul- 
tilayer printed circuit board of Figure 1 ; and 
Figure 1 2 shows a standard non-channelized quad- 
rant in contrast to the present invention channelized 
5 quadrant of Figure 11. 

[0011] A power routing technique of the invention is 
designed to optimize the free channel routing technique 
which is disclosed in US Patent No. 6,388,890. As 

10 shown in Figure 1, the previously disclosed technique 
includes a multilayer printed circuit board 10. That is, 
the multilayer printed circuit board 1 0 incorporates the 
concepts of the present invention so as to reduce the 
number of layers in the multilayer printed circuit board 

is 10. 

[0012] The multilayer printed circuit board 10 com- 
prises a primary (top) layer 12, a secondary (bottom) 
layer 14, a plurality of signal layers 16, and a plurality of 
power/ground plane layers 18. It should be noted that 

20 the primary layer 12 and the secondary layer 1 4 are pri- 
marily power/ground plane layers except for contact 
pads and test signal runs formed thereon, as will be de- 
scribed in more detail below. 
[0013] The multilayer printed circuit board 10 also 

25 comprises a first supervia (thru hole) 20 for electrically 
connecting selected ones of the plurality of signal layers 
16 (i.e., signal layers 16a and 16c), a second supervia 
(thru hole) 22 for electrically connecting the primary lay- 
er 12, the secondary layer 14, and selected ones of the 

30 plurality of power/ground plane layers 18 (i.e., power/ 
ground plane layers 18a,or 18b,), a buried via 24 for 
electrically connecting selected ones of the plurality of 
signal layers 16 (i.e., signal layers 16a and 16d), and a 
microvia 26 for electrically connecting signal layer 16a 

35 to a contact pad 28 formed on the primary layer 1 2, 
[0014] The presently disclosed technique can be 
used in conjunction with the multilayer printed circuit 
board 1 0 shown in Figure 1 , or alternatively can be used 
independently to design clear channels through which 

40 additional routing or breakouts can be achieved. Ac- 
cordingly, the multilayer printed circuit board 10 of Fig- 
ure 1 is merely exemplary as a conventional multilayer 
circuit board could readily be employed. 
[0015] Referring to Figure 2, there is shown a layout 

45 30 of a surface mount grid array package of an electron- 
ic component having 1152 input/output (I/O) contacts. 
Figure 2 also shows a legend indicating the type of sig- 
nal associated with I/O contact. 
[0016] In order to increase the resolution for purposes 

50 of better understanding this detailed description, Figure 
3 shows one quadrant 32 (i.e., the upper right quadrant) 
of the layout 30 shown in Figure 2. Figures 4-7 directly 
coincide with the quadrant 32 shown in Figure 3. The 
signal type legend in Figure 2 also applies to Figure 3, 

55 as well as to Figures 4B-7B. Figure 4A does not use the 
legend symbols and is simplified for the sake of clarity. 
However, Figure 4A shows the same quadrant as shown 
in Figures 2 and 3 and accordingly has the same layout. 
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[001 7] Referring to Figure 4A, there is shown a portion 
34 of the primary layer 1 2 of the multilayer printed circuit 
board 10. As indicated above, this portion 34 of the pri- 
mary layer 12 directly coincides with the quadrant 32 
shown in Figure 3. That is, this portion 34 of the primary 
layer 12 corresponds to the portion of the multilayer 
printed circuit board 10 where one quadrant of an elec- 
tronic component having a surface mount grid array 
package with 1152 I/O contacts is mounted on the mul- 
tilayer printed circuit board 10. 
[001 8] As indicated above, the primary layer 1 2 is pri- 
marily a power/ground plane layer except for contact 
pads and test signal runs formed thereon. More partic- 
ularly, the primary layer 12 includes a ground plane that 
is electrically connected to ground contact pads (i.e., 
GND in legend), but is not electrically connected to pow- 
er contact pads (i.e., VA and VB in legend), or signal 
contact pads (i.e., signal in legend). 
[001 9] As shown in Figure 4A, the power routing tech- 
nique of the invention strategically utilizes dog bone 
pads 80 including pins 81 and via 82 arranged in a spe- 
cific pattern in order to create free channels 90. Note 
that most dog bone pads 80 used to create the channel 
include two pins 81 . It is also possible to include more 
than two pins 81 per via 82 with some circuit board de- 
signs. All of the pins 81 associated with the via 82 should 
have the same potential. The doubling of power or 
ground pin connections 81 on a single via 82 in a specific 
pattern allows the formation of free channels 90. The 
doubling of pins 81 per via 82 not only allows formation 
of channels 90 on the surface of the primary layer 12, 
but also allows formation of channels in other layers as 
will be further explained below. 
[0020] In many cases, there are just as many (if not 
more) power and ground pins vs. signal pins in a single 
package. Therefore it can be seen that using power rout- 
ing techniques opens up more continuous free channels 
that can then be used to route signals. Another advan- 
tage of the disclosed technique can be seen when rout- 
ing differential pairs as it allows both signals to be routed 
side by side vs. being broken up by package pins. 
[0021 ] Figure 4B shows a cross-sectional view of the 
dog bone pads 80 and component pads 85 mounted on 
the primary layer 12. Each layer in Figure 4B is corre- 
sponds to the layers described above in relation to Fig- 
ure 1. 

[0022] Figure 5A shows a portion 42 of the signal layer 
16a of the multilayer printed circuit board 1 0. As indicat- 
ed above, this portion 42 of the signal layer 1 6a directly 
coincides with the quadrant 32 shown in Figure 3. That 
is, this portion 42 corresponds to the portion of the mul- 
tilayer printed circuit board 1 0 where one quadrant of an 
electronic component having a surface mount grid array 
package with 1152 I/O contacts is mounted on the mul- 
tilayer printed circuit board 10. The signal layer 1 6a in- 
cludes channels 72 for accommodating passive compo- 
nents. Unlike with signal channel routing, the power 
routed channels will actually form on the first signal layer 



16a rather than the second signal layer 16b and there- 
fore will provide better distribution of the signals and 
uvia channels. 

[0023] Figure 5B illustrates a cross-sectional view of 
5 the signal layer 1 6A. The choice of via 94 depends upon 
the selected design. The thru hole via 94 was therefore 
selected due to the overall stack-up. The use of this thru 
hole 94 causes channels to be opened on or below the 
layer 1 6A. 

io [0024] Figure 6A further illustrates the upper right 
quadrant of the signal layer 1 6A. The signal layer 1 6a 
includes a plurality of electrically conductive signal runs 
44 that are electrically connected to dog bone vias in the 
multilayer printed circuit board 10 where channels are 

15 formed in other layers of the multilayer printed circuit 
board 10 in accordance with the present invention. 
These signal runs 44 are typically preselected based up- 
on the characteristics of the signals they carry. That is, 
the signals runs 44 may carry high speed signals. Alter- 

20 natively, the signals runs 44 may carry low speed sig- 
nals. 

[0025] Importantly, as shown in Figure 6B, a uvia 46 
that is formed in the multilayer printed circuit board 10 
does not extend any further into the multilayer printed 
25 circuit board 10 than the signal layer 16a. This allows 
channels to be formed beneath these u,vias 46 in other 
layers of the multilayer printed circuit board 10, as de- 
scribed in detail below. 

[0026] Referring to Figure 7A, there is shown a portion 

30 48 of the signal layer 1 6b of the multilayer printed circuit 
board 1 0. As indicated above, this portion 48 of the sig- 
nal layer 16b directly coincides with the quadrant 32 
shown in Figure 3. That is, this portion 48 of the signal 
layer 16b corresponds to the portion of the multilayer 

35 printed circuit board 1 0 where one quadrant of an elec- 
tronic component having a surface mount grid array 
package with 1152 I/O contacts is mounted on the mul- 
tilayer printed circuit board 1 0. 
[0027] The signal layer 16b includes a plurality of 

40 electrically conductive signal runs 50 that are electrically 
connected to vias (shown in Figure 7B) formed in the 
signal layer 16b. In accordance with the present inven- 
tion, many of these signal runs 50 are routed in the chan- 
nels 52. That is, the channels formed by the absence of 

45 vias in the signal layer 1 6b in the multilayer printed cir- 
cuit board 1 0 allow the plurality of electrically conductive 
signal runs 50 to be routed therein. Otherwise, if vias 
were present in these areas 52 in this and other layers 
of the multilayer printed circuit board 1 0, then additional 

so signal layers would be required to route the plurality of 
electrically conductive signal runs 50. Thus, the ab- 
sence of vias in these areas 52 in this and other layers 
of the multilayer printed circuit board 1 0 allow for an 
overall reduction in the number of signal layers required 

55 in the multilayer printed circuit board 10. A massive 
channel 53 is created where the technique of the US 
Patent No. 6,388,890 is used in combination with the 
presently disclosed technique. The massive channel 53 
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allows routing of additional signals, thereby saving ad- 
ditional space. 

[0028] A cross-sectional view of the second signal 
layer 1 6b is shown in Figure 7B. A second level uvia 1 02 
can be used in certain situations, particularly if overall 
layer depth is approximately 9 mil, (the current manu- 
facturing limit). If a via such as the uvia 102 is impracti- 
cable due to manufacturing limits, a thru hole 104 can 
be used. If a uvia is used for power routing, then the 
main channel formed will be present on all layers below 
the surface layer 12. Additionally, another channel will 
be opened on layers below the uvia (i.e. N+1 , uvia Top 
- signal 1 (N=2) will not be visible on or above the third 
layer since the uvia is so shallow.) 
[0029] Figure 8 shows the layer savings afforded by 
the technique of the invention. In particular, an additional 
31 signals would have been required on signal layer 
three (16c) if conventional thru hole design had been 
implemented. Accordingly, the technique of the inven- 
tion (in conjunction with the previously disclosed free 
channel signal routing) has resulted in a savings of one 
layer. 

[0030] Figure 9 is provided merely to show the com- 
parison between standard quadrants 106 and chan- 
nelized quadrants 108. As Figure 9 exemplifies, the 
channelized quadrant results in increased space sav- 
ings. 

[0031] Figure 10 is an additional view of a potential 
power routing design for a primary layer 12. The free 
channels 90 result from the positioning of the dog bone 
pads 80 including pins 81 and via 82. The pins 81 may 
be power and/or ground pins of the same potential, but 
do not include signal pins. 

[0032] Figure 11 illustrates a channelized quadrant 
112 that may appear on any subsequent signal layers 
that can be combined with signal free channel routing 
as illustrated in Figure 1 and as described in US Patent 
No. 6,388,890 such that massive channels can be 
formed. Signal routing through these massive channels 
53 is shown and described above with reference to Fig- 
ure 7A. 

[0033] Figure 12 shows a standard non-channelized 
quadrant in contrast to the present invention chan- 
nelized quadrant of Figure 11 . 
[0034] In summary, the disclosed power routing tech- 
nique uses strategically placed thru and uvia holes such 
the free channels can be obtained. Further with the use 
of uvias, the technique will allow clearance of spaces on 
subsequent layers within the package footprint which 
will allow for denser routing within the package. 
[0035] This technique focuses on the layer reduction 
of printed circuit boards. Due to the increase in free 
channels higher number of signals can be taken out of 
the package per layer. Further combined with free chan- 
nel routing the power routing disclosed in US Patent No. 
6,388,890, it allows for easier breakouts of high density 
packages and leads to higher cost savings. 
[0036] Previously, although signal pins have been ar- 



ranged in various patterns, the potential of achieving 
free channels by the application of power routing has 
not been explored. The technique of the invention allows 
free routing channel construction with the use of thru 

5 hole vias (or uvias or any other type of blind via depend- 
ing on the design and board stack-up) and strategic 
placement of the thru hole (or uvia or blind via) vias with 
respect to power and ground pins. When combined with 
signal channel routing, the technique of the invention 

to may be able to provide layer count reduction of 30 - 50%. 
[0037] With regard to methodology, the steps used to 
solve the problem can be summarized as follows: a) 
Identification of power pins within package footprint; b) 
Strategic placement of vias such that free channels can 

15 be formed; and c) Connection of two or more design per- 
mitting pads to one via where ever possible. 
[0038] As a further step, d) Power/ground routing can 
be used to complement signal free channels or vise ver- 
sa by aligning the two channels together to form a "mas- 

20 sive channel". 



Claims 

25 1. A method for reducing the number of layers in a mul- 
tilayer circuit board, the multilayer circuit board hav- 
ing a plurality of electrically conductive signal layers 
for routing electrical signals to and from at least one 
electronic component mounted on a surface of the 

30 multilayer circuit board, the method comprising the 
steps of: 

forming a plurality of electrically conductive vi- 
as in the multilayer circuit board extending from 
35 the surface of the multilayer circuit board to at 

least one of the plurality of electrically conduc- 
tive signal layers; 

arranging the surface such that a first set of at 
least two power/ground pins corresponds to a 
40 first via and a second set of at least two power/ 

ground pins corresponds to a second via posi- 
tioned adjacent the first via, thereby creating a 
channel on the surface and every layer below 
which includes a channel on a first of the plu- 
rality of signal layers; and 
routing a first plurality of electrical signals 
through the channel on the first of the plurality 
of electrically conductive signal layers. 

so 2. The method of claim 1 , further comprising the step 
of forming at least one of the first via and the second 
via as a thru hole. 

3. The method of claim 1 , further comprising the step 
55 of arranging additional sets of multiple pins with ad- 
ditional vias in order to create a channel of greater 
length. 
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4. The method of claim 1 , further comprising the step 
of creating at least one of the first via and the second 
via as a uvia. 

5. The method of claim 1 , further comprising the step 5 
of creating a channel on a second of the plurality of 
signal layers. 

6. The method of claim 5, further comprising the step 

of routing a second plurality of electrical signals 10 
through the channel on the second of the plurality 
of signal layers. 

7. The method of claim 1 , further comprising the step 

of forming additional electrically conductive vias in '5 
the multilayer circuit board extending from the sur- 
face of the multilayer circuit board to a first of the 
plurality of electrically conductive signal layers, the 
additional electrically conductive vias being ar- 
ranged so as to form a channel in a second of the 20 
plurality of electrically conductive signal layers be- 
neath the first plurality of electrically conductive vi- 
as. 

8. The method of claim 1 , further comprising the step 25 
of separating the plurality of electrically conductive 
signal layers by at least one dielectric layer. 

9. The method of claim 1 , further comprising the step 

of arranging via formations in order to create the 30 
channels having a preselected width. 

10. The method of claim 1 , further comprising the step 
of arranging via formations in order to create a 
channel of preselected shape including one of: rec- 3s 
tangular, square, circular, and diagonal. 

1 1 . The method of claim 1 , further comprising the step 
of routing a plurality of electrical signals through 
channels on plurality of signal layers where the <o 
channels are clearly visible. 

12. The method of claim 1 , further comprising the step 
of creating an opening in the middle of a chip pack- 
age through the channel formed by adjacent vias. 45 

13. The method of claim 1 , further comprising the step 
of separating at least some of the plurality of elec- 
trically conductive signal layers with at least one 
electrically conducive power/ground layer. so 

14. An improved multilayer circuit board, the multilayer 
circuit board having a plurality of electrically con- 
ductive signal layers for routing electrical signals to 
and from at least one electronic component mount- « 
ed on a surface of the multilayer circuit board, the 
multilayer circuit board comprising: 



a plurality of electrically conductive vias in the 
multilayer circuit board extending from the sur- 
face of the multilayer circuit board to at least 
one of the plurality of electrically conductive 
signal layers; 

the surface arranged such that a first set of at 
least two power/ground pins corresponds to a 
first via and a second set of at least two power/ 
ground pins corresponds to a second via posi- 
tioned adjacent the first via, thereby creating a 
channel on the surface and a channel on a first 
of the plurality of signal layers; and 
a first plurality of electrical signals paths routed 
through the channel on the first of the plurality 
of electrically conductive signal layers. 



6 



EP 1 347 674 A2 




7 



EP 1 347 674 A2 



□ 

CO 

il 



++®##®#+®$$$®+®#$##®+#$$#®+$$®$®++ 
#®®+$#*#®+#*##®+®®+®$*##+®##®#+®®# 
##++®##*#+®$#<**+®®+$$##®+#<*®#®++## 
■$#$®®+®$$#®+$#$#®®$$##+®$$$®+®®$#$ 

##$$++®^^+®^$#^^#®+$«>e®®++#<»#># 
®<§><$><^^>®®-f®-*-®-f®-f®><^^>^-®-f®-f®>-<»-f®®<i>^<^^>® 

■f-f<$>^<$>»®®4-®4-f®®-f-f®®-f-f®-f#®-f>-<$>^^><l>-f> 
<$®®<^<$®®®+++++®+®®+®+++++®®+®<S><S>®®<e> 
#<^+#^+®+4^+-f+-f+®®+-M--f-f®-f-*-f®*®-f+«># 
<e><S><$>®®<e>®+®®®+++++®®+++++®®+®+®®®<e><e><e> 
♦♦♦♦^♦®®4-+4-®^+4-4>^®4-*--f-f-f®4-*-<l>^<l># 
©♦♦♦#®®4^)-f>®®-f-f-f-f4-f-f-f®®++-f®®®####® 

$®®*##®®®4>++®®+®®+®®++++®®®###®®$ 
##++^^®++-f>-f-*-f-f®®+-f++-f++-f®-f##-M-^^ 

<e><$><s>®®<e><e><e>®®®+++®®®®®®+++®®®+®®e®®<e><e> 

<S><S><S>®®<e><S>+®®®+++®®®®®®+++®®®+®<e>#®®<$><§> 
$$++$$+®++4+4+++®®+^+^+>^+$$++$$ 

<$®®<£<^®®®++++®®+®®+®®++++®®®<e><e><e>®®<e> 
■f-f<$><|>^-f^®-f--f-f>--f®>--f-f-f®-f-f-f-f-f-f-4"f^<»<$><»4"f 
®**##®®4^4^®+4>4>+++®®+++®®®**##® 
^<|>^>>-4»f®®-*-f-f®-*"f4-»>-f4-®-f-f-f-f®®4"f<l><l>^>^ 
#<^>^>®®^®#®®®4"f-f-f-f®®>"f4"4"f®®-f#®#®®<l><^^ 
#^-f-f##^#>-f®4-f4-f-f®®-f>4-f-f®4-f####4~f<l># 
#®®<S><$><t><e>®®+++++®+®®+®*++++®®<t><S><^®®^ 
4^#*#*++®®#®&+®®++®®+*®#®®++###*++ 
®^><$>^<$>®®4-®^#®®-f®-f®®-f®-f®#<$><$>4"^®®<^^<$>® 
#<|>##-f-f®®##<l>4-®###®####®'f###®®-f-f®### 
$$#®®++$##®+$$$#®®#$$$+®$$$++®®®$$ 
♦#++®*^#*+®«*###+®®4*#*#®+**#®®+4-®* 
♦®®4-#**#®+####®+##+®*###+®*##++®®® 
++®****+®#+##+®####®+^#^®+e$$®®++ 
+»»»»®+^»»<fr®+$»$»<fr»^»»»<8>+®»<»»++ 




e 



EP 1 347 674 A2 



CO 

2> 
3 
O) 

U. 



? ++®##®<§>+®<e>##®+®<#><$> 

V <e>®®+#<e>'#><e>®+#<e>##®+® 
\^>#++® +®###<$>+® 

<§><#>#®®+®<e><e><e>®+<e><i><e>#>® 

©♦♦♦♦®®+®+®+'®+®+# 
++####++®®+®++®®'+ 

#®®<$>.<e><$>®®®++-f++®+® 

♦•^■f-f##-f@-f-f®-f-f-f-f-f® 
<e>#<e>®®<e>®+®®®+++++® 

®<§><t><$><l>®®+®-f +®®++++ 
-f -f <e> # <$> <$> + -f <d + + + -f + d) + + 

♦©©♦♦♦®®®-f+ ++®®+® 
♦♦♦♦♦♦♦®++++.++++® 

<e><e><e>®®<»<$><$>®®®+-f+®®® 



9 



EP 1 347 674 A2 



< 

il 



y»vvt vJw >>v»? 



% >v^%< /•WAV* 




10 



EP 1 347 674 A2 




EP 1 347 674 A2 




< 

2 
il 



<M 



OO O® OOOO 000 

++ oo®o+ 000®+ 00 

0(D® OOOO® OOOO® ® 
00++ 0000+ 0000+ 
iOOO®® ®000® OOOO® 
0000++ 0000+ OOOO 

®oooo®® +®+® ®+0 

+0000++ ®+®+ +®+ 



o ®ooo® 

00 +00+® 

ooo ®0®+ 

OOOO ++® 

®oooo ®+ 

+0000 + 

o ®ooo® 
00 +ooo® 

ooo ®000 



®+++ ® ® 

I++ 
+ ® 
++ 

®+®® + + 




12 



EP 1 347 674 A2 




EP 1 347 674 A2 




,oooo 

\0000 

, ®® v \v§)Ooo® o^ooo® 
= p>[o<> + +w o o o +N> o o </ 

~®^000®® + 0+® ® + 0 

!^<>poo++ o+®+ -fo-f 
^aWxx)® ®+++ ® ® 
-■ob\ -f oo+® ++ 

= <>0\0 <DO® + + 0++ + ® 
: W) ++® ®+ + ++ 

_Q0f>'OO ® + ®+00 + + 

:^±pooo 4- ++ . +++ 

-^\0P000 ®+++ ®®® 

-<>>> +0000 ++ + ++ 
:<>bp oooo ®®++ 4-®® 



14 



EP 1 347 674 A2 




++/®+®+ 

® />>>®y ®+++ 




®+ 
+®+ 

® ® 

— ^ ±£ S 
+®++ + ® 



®++ 

®+®® 
++ 



++ 
+ + 

+++ 



®+++ ®®® 
++ + ++ 



®j>Q</{®® + + + ®® 



O) 

IE 



c 

2 CM 

c IS 
•£ a 
«- D) 



M 



16 



EP 1 347 674 A2 




EP 1 347 674 A2 




EP 1 347 674 A2 



N 

x: 3 



"2 = 
« 2 

(0 O 



0> 
3 

u. 




4 4 ♦ [f 4 4 4 4 4 4 4 0 0 0 O j> 0 0 0 0 J> 0 0 O 

* 4 v •;• * ft i— i <; ' * * v * * 

.0 A 4 4 ci 4 & 4 4 4 <S O ♦ 4 0 0 .0 i> 0 0 0 0 0 j> 0 0 ,0 0 f* v 

* ? * « > *' ♦ 4 LJ v c ft ft * v ■?■ 

4 c< * 4 e 4 4 i ^ft ,0 ,0 o o 0 *> Jfr rf * ^ 4 

4 4*ft*C; 6 ft ft « 'ft 4 Ct ft 0 ft' P v » 0 0 0 O. ; 0^0 ^ ^ /*' J> # ? *V 5 ' ^ ^ 

4 4 4*ft*ft* <5 ft « «*<i: V 4 * <S 4*& no'o 000 O O o\# 0 0 .0 N > 0 0 

4 * > ;M> 4 *■ <■ ,* 4 4 

4 4 0 4 % ft, 4 * ft c ft ♦ 4 « ♦ 0 *> o o A 0 *> o o .c ja /j o o o o 
^ 4 4 c **a*ft ft ft ft ,_, 0 m 0 0 p P o- p o #*i>'j* o o 0 .?> 

o & s s o s * ^« Uj» > .# £ fi .0 rfl a i o •) a .o 

<v v * * * ft * * • * * ■* * * ft 4 ft » ^ f V ** ft v 4 4' 

« 0 * ft e c 0 ki & c e & .0 a ■& <s p & 0 a o & .* j> o o .& n 

4 4 c c « * ^ v *■ n i> * ^> * © * # /p f & p j* *> o 

4M * <> 4 9 * •> 9 « V * p" 4 1 " -sr ^' • ♦ * ' •>* * * * V V 

4 4 4 ^ « 0 <£ • ^ 4 ^ £ 4 : * A 0 * p D .6 Jd O sO «i? j)p O O O 

5- v * v '« * ■* \" V p * ? v 4* • ♦ *" * v *' <■ 4 ■■» v 

4 4 c c o ^ is ^ ii 6 tv a « o a i> w {? 0 .o .o s> o o o *> 

O » 4 <- •> < ♦ ▼ V 4 4> * »* < * ♦ *' •> <' > * 

t; 4 4 «t -5 <5 c *> * <* & S ^ n ^ fi & P ©■ * ^> * *> 

» ^ 4 *• * > V » ♦ * v" $| }* J* *' 4*' V' * •"** tf' O 

C 4 «■ «• « * * •> 4 * U O op ,p o to o o o o & ,i> 

4- • * v 4 * ♦ 4- * ^- » * * ■#* * ♦* >" v 4 ♦ v 

.4 iS- * * ^ V « f> >> ,* » # .9 # * * O O •> O * O 

4» »4*4v?4 *44 cr— IV * ♦ * ^ ♦ ■» * v ♦ ♦ * *• 

4 4 V V <r C ft Lft IJ 0 4 # J» £ J> O o o r> * o *> 

* • ♦ * V * * > n v ♦ ^ « L-J- * - 4 f 5 v* 4^ r s" v > v ♦ 

4*4 « « « « «> <v <5 4 o j> ^ $ p x o f> rt 0 .f; 0 ^> ,S» ,$00 

«r «/ 0 0 ft ft 0 0 0 0' 0 0 <? « 0«"|JH 0 0 0 0 0 ft ft ft O^ttO 0 0 « 

O 4 .0 > V* ■*> > v V 4- 4 1 : «V **i <•% ■»< 4.. t 4»\ 

ft 0 0 ft ft ft 0 0 </ 0 0 0 0 0 000 0 f> 0 <;} 0 0 0 ft ft ft 0 * V * l"» 0 0 

.J C •» C- <> .« j> > ^ -\. 4 \; -fv. 4 <r* ^ v„ 4:. <*. 

0' «* ft ft ft ft 0' 0' 0 0 til 0' 0 0 0 0 0 n 0 0 0 0 ft 0 ft ft ft 0 V ft ft ft 0 9 

* J* .9 > .?> « «> ^ 4 U: *w V. ** *»■ C» *, «v, «^ H. V ^v, 
0 ft ft ft ft 0 0 ft 0 0 0- 0 0 0 « 0' ^ O 0 0 0 0 0 0 <* 0 0 0 ft ft % ft V 0 

ft if ft ft 0 ft ''ft 0 S 0' ft 0 O' ft ft' 0 0 0 0 ft (J 0 0 W 0 0 0 0 0 0 0 ft U W 

A v .fr- „4 > p «* 4 ,V „4- .<» .<* ^ v. «.^, \ <*.. * ft. v. •> v, 

ft ft ft 0 0 ft ft ft 0 0' 0 0 O ft 0 ft ft' n O V ft ft ft O ft 0 ft 4>- 0 V ft & 0 ft V 

* <» > 0 * » i* * <Cr 4 *\ 4t 4V t v «. «t s , 

ft ft 0" 0' ft ft ft ft ft ft' ft* ft' o' ft" ft ft" ft' U j> £ ft ft ft ft 0 y a v ft ft ft fti ft ft 

* <ft 4 > •.« > ,f .« .4 *». > v i. *J. ftx ft V.- »». 4 . 4. * V. 

ft 0 ft ft ft ft ft 0 0 ft ft 0 ft ft ft ft 0ftft000O00(iftUftft l?OU 

* •> * ^\ ft .4 .4 0 .ft 4 ,r. v ,9 * v.v * v 4 ■ -v;. ft^. 

0 0 ft ft ft ft 0 0 ft ft ft 0 0 ft ft V „ O ft 0000000 0 0 0 0 ft 0 0ft 

O ft .4 > 4- O ft A s ft -fc J>rK 4, v v> fc- 0 .^ V- 4. * 

ft ft ft ft ft ft ft 1> ft* ft O 0 ft ft ft ft ft U ft ft ft ft ft V ft ft ft 0 0 ft ft ft ft ft ft 

.ft * 4 .4 ft V A -\ *c. *• v- ft *. 

ft ft ft ft 0 % ft'. ft 0ft ft ft o' ft ft ft ft 0 ft ft ft ft 0 a y ft * ft « d^' ft ft 0 w 
ft ft ft tfW'fif ft ft 0'*0 : ^ft ft ft ft 0*n^ ft ft *» v*"fc w ft ft ft ft 'Vft'V'V^ft ft 0 

ft 4 $ % ft ft ft 6 -V %v > * ft/. ft; 

ft v c^^ft" 0 ft ft ft ft 0 0' ft ft ft ft o o' ft 0 ft ft ft 0 $ ft ft ft ft ft 0 a $ 0 
ft J?\<f 0* ft ft ft ft 0 0 ft ft ft ft a cf" ft ft 0ft 0 ft 0 ft H ft*'ft ft w ft v b b eft** 

jh? ,* »" A ft *v ♦> »• 4 * 

fttftfc0Oftftftft«0vftn**v0O000ftO0000O0D0 

ft ~4 >' »• *4 << 4> 

C^ft ftftft0 0 ftftftftC > 0ftftft LJ 0ft 0O000ftft ftW00ft a0 



19 



EP 1 347 674 A2 




20 



EP 1 347 674 A2 







0 0 




0 






00 


0 0 


• 0 


0 


0 




0 


0 




0 




0 




9^0 


0 




0 


0 


0 


0 


0 


0 




0 00 


0 0 


0 




t 






0 


0 


0 0 


00 


• 0 






• 


0 0 


0 




0 


0 


00 


• 0 


0 0 0 


0 




t 


0 0 


^ 






0 00 


0 ^ 


0 0 0 


0 




• 


0 0 


0 


0 


0 






© ^ © 


0 ^ 


0 






• 0 


0 


0 






0 


^ 0 ^ 


* • 




• 




^ 0 


0 


0 


e 




0 






e 


t 


0 




0 


0 




0 










0 


0 


0 




0 


e 










e 


• 
























0 


0 0 




^ 




0 


e 








0 


0 0 


0 




0 




e 










0 


0 0 


0 


0 














• 




0 0 


0 


0 


e 




e 




o e 


e 


• 


0 


9 


0 


0 


0 


0 










• 


0 


0 


0 


0 


0 


0 


0 


0 ©0 


0 0 


0 



21 



• • t ^ 0 ||MU>tl O 1^ 

• • 0 ^ | iiio^Mo I o u 

° ^ • e oe ^otioo u ^ § 

O ^ • • • M\\|0O«O ^ ^ • • 

O • • • • MtM^ 00 !* 1 

• • 0 @ |# • • 

• ^ @ ® comooom i o 

^^O^s^^ 0^^0 0 0 0 ^ ^ 
© © 0 ^ ^ ^ ^^^©#00 • 

© ^ ^ ^^^^o^^ot 

0 0 © ^ UHOOIMO O I 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 




□ GRAY SCALE DOCUMENTS 



LINES OR MARKS ON ORIGINAL DOCUMENT 



